Background: The purpose of this study was to compare pre-and post-surgical healthcare costs in commercially insured total joint arthroplasty (TJA) patients with osteoarthritis (OA) in the United States (U.S.).
Background
Advanced osteoarthritis (OA) of the hip and knee is associated with severe pain, limitation in function, and impaired quality of life [1, 2] . Patients with advanced OA of the hip or knee incur considerable healthcare costs related to pain medications (both oral and injectable), physical therapy, medical equipment, outpatient visits, and inpatient care [3] . In addition, the indirect or so-called "time costs" associated with lost productivity can be substantial [4] . Lower extremity (hip and knee) total joint arthroplasty (total knee arthroplasty [TKA] , total hip arthroplasty [THA] , collectively, TJA) has been associated with alleviation of pain, improvement in function and overall improvement in quality of life among patients with disabling arthritis of the hip and knee [5] . However, little is known about the economic impact of TJA on utilization of healthcare services and total cost of care after recovery from surgery in the United States. The purpose of this study was to compare utilization of healthcare services and direct healthcare costs in commercially insured TJA patients during the pre-and post-surgical periods.
Methods

Data source
Data were obtained from the PharMetrics Patient-Centric Database, which is comprised of facility, professional-service, and retail (i.e., outpatient) pharmacy claims from over 85 health plans throughout the United States. These plans provide health insurance to approximately 14 million people annually (Midwest, 35%; Northeast, 21%; South, 31%; West, 13%). All patient identifiers in the database are encrypted, and the database is fully compliant with the Health Insurance Portability and Accountability Act of 1996 (HIPAA). As no patient or provider contact was made and patient information was de-identified, Institutional Review Board (IRB) approval was not required.
Information available for each facility and professionalservice claim includes date and place of service, diagnoses (in International Classifications of Diseases, 9 th Revision, Clinical Modification [ICD-9-CM] format), procedures (in ICD-9-CM [selected plans only], Current Procedural Terminology, 4
th Edition , and Healthcare Common Procedure Coding System [HCPCS] formats), provider specialty, and charged and paid amounts. Data available for each retail pharmacy claim include the drug dispensed (in National Drug Code [NDC] format), the dispensing date, and the quantity dispensed and number of days of therapy supplied (selected plans only). All claims include a charged amount; the database also provides paid (i.e., reimbursed, including patient deductible, copayment, and/ or coinsurance) amounts.
Selected demographic, clinical, and eligibility information is also available, including age, gender, geographic region, primary and secondary diagnoses, coverage type, and the dates of insurance coverage. All patient-level data can be arrayed chronologically to provide a detailed, longitudinal profile of all medical and pharmacy services used by each plan member. The database for this study encompassed the period, January 1, 2005 through December 31, 2008 ("study period"), which represented the most recent period for which complete data were available at the point of study initiation.
Study sample
The source population for this study consisted of all patients with any claims for unilateral primary TKR (CPT-4 code 27447 or ICD-9-CM procedure code 81.54) or unilateral primary THR (CPT-4 code 27130 or ICD-9-CM procedure code 81.51) between January 1, 2006 and September 30, 2007. (Patients undergoing partial or revision hip or knee replacements were excluded from the analysis). Among these patients, the date of the first-noted claim for TKR or THR was designated the "index procedure date", and patients not continuously enrolled in the database for the 12 month period prior to this date ("presurgery period") and the 15-month period subsequent to this date ("post-operative period") were excluded from the study sample.
Patients without diagnoses of OA (ICD-9-CM diagnosis codes 715.X5, 715.X6) in the three-month period preceding surgery were excluded from the study sample, as were those aged less than 40 years as of the time of their index procedure, those enrolled in Medicaid, and persons aged 65 years and older as of the time of their index procedure who were enrolled in a Medicare Advantage plan (because their claims histories are incomplete in the study database). Additional exclusions from the study sample included persons with evidence of any of the following during the one-year pre-surgery period: (1) . All pharmacy, professional service, and facility claims were then compiled for all patients in the study sample over the oneyear pre-surgery period and the 15-month post-operative period.
Measures and analyses
The demographic and clinical characteristics of study subjects were examined, including prevalence of selected comorbidities, on the basis of information prior to the index procedure date. Patients were assumed to have a particular comorbidity if they had either one or more hospitalizations, or two or more outpatient claims at least 30 days apart, during the pre-surgery period with a corresponding diagnosis code/prescription.
Total healthcare costs were aggregated into three distinct periods: pre-surgery period (12-months prior to TJA); "peri-operative" (91-day period including and immediately following TJA); and "follow-up" (12-month period following the peri-operative period). Healthcare costs over each period were subcategorized into (1) pharmacotherapy (including oral, injectable, and topical agents); (2) outpatient care (including physician visits, other outpatient office visits [including but not necessarily limited to physical/ occupational therapists), Emergency Department (ED) visits, and diagnostic imaging)]; (3) inpatient care; and (4) all other costs. Pharmacotherapy was further subcategorized as: (1) nonsteroidal anti-inflammatory drugs (NSAIDs), including cyclo-oxygenase (COX)-2 selective NSAIDs; (2) opioids, including tramadol; (3) antidepressants; (4) intraarticular corticosteroid and hyaluronic acid injections; and (5) all other medications.
Reimbursed amounts (i.e., payments made by thirdparty insurers as well as any patient liability [e.g., co-pays, co-insurance]) were used in all analyses of healthcare costs. All costs were expressed on an "as-is" basis (i.e., costs were not adjusted for inflation). Non-parametric bootstrapping (using sampling [with replacement] from the source population) was used to generate 95% confidence intervals (CIs) for all estimates of healthcare costs [6] . All estimates of cost were generated on a "perpatient" basis (e.g., total mean per-patient healthcare costs).
Mean total pre-surgery costs-for each sub-category and in aggregate-were compared with follow-up costs using Wilcoxon signed-rank tests; the percentages of patients with ≥1 hospitalizations during the pre-surgery versus follow-up periods were compared using McNemar's test. Utilization of healthcare services and costs occurring during the 90-day peri-operative period were excluded from analyses comparing pre-surgery with follow-up so as to compare healthcare costs and healthcare services utilization during the 1-year period prior to TJA with those of the 1-year period following recovery from TJA. (Levels of healthcare services utilization and costs during the perioperative period were tabulated and reported separately.)
Results
A total of 14,912 met the inclusion criteria for the study. The mean age of patients included in the study was 57.3 years, and 57% were women; approximately 17% of patients in our sample were 65 years of age or older (Table 1 ). All geographic regions of the country were represented, with the largest number of patients from the Midwest (41.9%), and the least number of patients from the West (13.5%). The most common comorbidities were hypertension (60.1%), hyperlipidemia (55.3%), and back pain (29.5%). Fifty-five percent of patients were enrolled in Preferred Provider Organizations (PPO), 24% were enrolled in Health Maintenance Organizations (HMO), and 16% were enrolled in Point of Service (POS) plans.
Prescriptions for NSAIDs and opioids declined slightly during the follow-up period relative to the pre-surgery period (mean [SD] per-patient number of NSAID prescriptions = 2.0 [3.4] Table 2 ). Utilization of outpatient healthcare services, as measured by the number of outpatient visits, also declined slightly during the follow-up period. ED visits were unchanged between the two periods (mean [SD] perpatient value = 0.2 [0.7] for pre-surgery vs. 0.2 [0.9] for follow-up; p = 0.61)., Importantly, the percentage of patients with ≥1 hospitalizations increased (from 7.5% during pre-surgery to 9.8% during follow-up; p < 0.01).
Mean total per-patient healthcare costs during the follow-up period were 18% higher than during the pre-surgery period ($11,043 vs. $9,632, p < 0.01) ( Table 3) . Mean total per-patient costs for the 90-day peri-operative period (including those related to hospitalization for the index procedure) were $36,553. Per-patient pharmacotherapy costs were similar for both the follow-up and However, within pharmacotherapy, mean total perpatient follow-up costs were lower than mean total presurgery costs for NSAIDs ($98 vs. $15, p < 0.01) and injectable agents ($18 vs. $107, p < 0.01), but higher for $1358, p < 0.01). On a per-patient basis, outpatient care costs were slightly lower in the follow-up period than in the pre-surgery period ($4338 vs. $4571, p < 0.01), whereas mean per-patient inpatient costs were substantially higher in the follow-up period when compared with the pre-surgery period ($3300 vs. $1817, p < 0.01). All other per-patient healthcare costs were also slightly higher in the follow-up period ($1392 vs. $1323, p < 0.01).
Discussion
The economic burden of osteoarthritis has been increasing in the United States, in part due to an increase in the prevalence of disease, and to increasing costs of treatment (both surgical and non-surgical) [7, 8] . At the same time, concerns have been raised regarding the costs associated with TJA, due to an increase in the number of procedures performed annually in the U.S., management of post-surgical complications, and increased adoption of newer, more expensive implant technologies [9] . TJA has been shown to be a cost-effective intervention relative to non-operative treatment [10] [11] [12] [13] and has been associated with dramatic improvements in quality of life in patients who suffer from debilitating OA of the hip and knee [5, 14, 15] . Several investigators have shown that when performed in younger patients, TJA can expedite return to work and a more active, productive lifestyle [16, 17] . While previous authors have reported that OA is associated with substantial direct and indirect medical expenditures [6, 16, 17] , relatively little is known about the direct medical costs before and after hip and knee arthroplasty in patients with OA. Hawker and colleagues undertook a nested case-control study to examine total and arthritisattributable costs in the periods before and after TJA among persons with disabling arthritis of the hip and/or knee in Ontario, Canada [18] . The pre-surgery period was defined as the 1-year period ending 6 weeks prior to TJA; the peri-operative period, as beginning 6 weeks prior to TJA and ending 6 months following TJA; and the postsurgery period, the 1-year period thereafter. The authors found that while mean arthritis-attributable costs during post-surgery decreased from pre-surgery levels by $278 (Canadian dollars, expressed in calendar-year [CY] costs), total healthcare costs increased by $1978. In their analyses of total healthcare costs of patients who underwent TJA for any reason (exclusive of bone cancers) during the 3-year periods immediately before and after surgery, Graver et al. [19] reported total healthcare costs of $8762, $10,076, and $11,475 in the third, second, and year immediately prior to TJA, respectively; corresponding values for the 3 years immediately following and including the surgery were $37,445, $11,980, and $11,307. While Graver and colleagues did not account for the peri-operative period, which render direct comparisons between their work and ours somewhat difficult, we note that their reported costs in the second year subsequent to TJA are higher than those reported in the year prior to surgery (statistical significance testing not undertaken).
Our results indicate that although utilization of healthcare services decreased for most services during the first year following TJA (exclusive of the peri-operative period) in commercially insured patients with OA of the hip or knee, mean total healthcare costs increased, largely due to increased costs associated with inpatient care. Given that the mean length of stay during the peri-operative period (a 3-month "window" that includes the admission for the initial TJA as well as any subsequent readmission) was only 6.9 days, and that 75% of patients spent no more than 8 days in hospital during this time, our findings are most likely associated with readmissions, rather than stays in hospital for the initial TJA of > 91 days. Hospital readmissions following elective surgical procedures such as TJA have become the focus of great debate and concern among healthcare policymakers [20] , and have led to calls for changes in payment policy to incentivize better coordination of post-discharge care among providers [21, 22] . Based on our findings, further investigation is warranted into the cause of and strategies to decrease the rate of hospital readmissions following elective TJA.
Despite the interesting findings, our study has several limitations. First, our database consisted of administrative claims for patients enrolled in private insurance plans, who tend on average to be younger than the "typical" cohort who undergoes TJA for OA. Specifically, while patients aged ≥65 years comprise approximately two-thirds of all patients who undergo TJA in the US [23] , they only represented about 17% of patients in our sample. However, we would note that as the indications for TJA have expanded to include younger, more active patients, an increasing number of patients under the age of 65 are undergoing TJA [24] .
Second, our analysis relied upon administrative claims data, which have been shown to have an imperfect correlation with the clinical record [25] . It is possible that certain costs may have been over-or under-estimated in both the pre-surgery and follow-up period due to the reliance on administrative claims data. However, we believe that the majority of healthcare costs experienced by patients in the periods immediately before and after TJA are captured within the database. Because the principal purpose of administrative databases such as the one we used in this study are to support reimbursement, we believe that our study yields a fairly comprehensive view of "real-world" utilization and cost of healthcare services in commercially insured patients who undergo TJA.
Third, and somewhat related to the second, we did not attempt to adjust for price inflation by expressing costs in terms of a particular "base year". The principal reason that we did not undertake such an adjustment was that we thought it important to examine (and report) actual amounts paid in "real-word" clinical practice during the periods before and after joint replacement. Were we to have expressed all costs in terms of a "base year", such information would not be available. We also note that identification of an appropriate "price index" to adjust healthcare costs is not straightforward.
In most instances where this method is employed, a single index (e.g., the medical-care component of the US consumer price index) is used to adjust values; implicit in use of this single index, however, is the assumption that all goods and services (e.g., pharmacotherapy, physician office visits, hospitalizations, durable medical equipment) experience the same relative change in pricing in a given year. The degree to which that assumption is valid within any given year is unknown. Regardless, to the extent that differences between pretreatment and follow-up costs reflect price inflation, our findings may overestimate differences in healthcare costs between these two periods.
Fourth, although recovery from TJA surgery is variable, it is possible that some patients were not fully recovered from surgery by 90 days [26] , and therefore some of the costs included in the follow-up period may have been related to recovery from TJA. The 90-day window for the peri-operative period chosen because this is considered the 'global period' by most insurers, during which time all costs that are incurred are considered attributable to the index procedure. This limitation is further mitigated by the fact that the major difference in costs between the pre-surgery and follow-up period was related to inpatient care, and it is unlikely that these costs would be considered routine follow-up costs. Since our goal was to evaluate the impact of TJA on healthcare resource utilization and total direct healthcare spending during the first 15 months following surgery from a healthcare system perspective, we did not attempt to separate out costs that were directly attributable to OA or TJA, which may account for the difference in our findings from those of Hawker, et al. [18] Additionally, we were unable to include indirect or time costs in our analysis, and it is quite possible that the increase in direct medical costs during the follow-up period could be offset by reductions in indirect or time costs associated with earlier return to work and increased productivity, especially given the relatively young average age (57.3 years) of the commercially insured patients who were included in our study. Additionally, we only measured costs during the 15 months immediately following the index TJA procedure, while the benefits of TJA are known to accrue over many years and in some cases decades. Nonetheless, it is anticipated that most patients (especially the younger patients included in this study) recover completely from surgery within 3 months, and therefore, their use of healthcare services and the associated costs would be expected to decrease after that time.
Conclusions
In summary, despite slightly lower outpatient care costs and similar costs associated with pharmacotherapy, we found that mean total direct health care costs increased during the 12-month period following recovery from TJA when compared with the 12-month period prior to surgery in commercially insured patients with OA, in large part due to increased costs associated with hospital readmissions. Further study is necessary to determine whether healthcare costs decrease in subsequent years.
Endnotes
a Patients who underwent a second primary TKA or THA during the 15-month period subsequent to the index procedure were excluded, as these procedures are often scheduled electively following recovery from the index procedure, they are not indicative or reflective of the condition of the index joint, and they substantially impact the cost and utilization of healthcare services during the time period under study.
